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Pulse Tube Cryocoolers: Solutions for "Dry" Cooling of Low
Noise Applications at 4 K — eJens FALTER!, BERND ScuMIDT!*2,
ANDREAS EULER!, MaRc DieTRICH!2, ANDRE SCHIRMEISEN!'2, and
GUNTER THUMMESY2? — !TransMIT-Center for Adaptive Cryotech-
nology and Sensors, Giessen, Germany — 2Institute of Applied Physics
(IAP), Justus-Liebig-University Giessen, Germany

Among the family of regenerative cryocoolers, Pulse Tube Coolers
(PTCs) distinguish themselves from Gifford-McMahon- or Stirling
coolers by the absence of cold moving parts inside the cold head. This
features a long live operation with low vibration of the PTC and less
maintenance compared to conventional cryocoolers - making them at-
tractive for low noise applications. Since their invention, 4 K PTCs [1]
have become an excellent alternative for "dry" cooling of cryogenic ex-
periments without liquid helium ("wet") even below 4 K. Besides their
advantages, PTCs - like all other regenerative cryocoolers - suffer from
two intrinsic effects due to the periodic compression and expanding
cycles in the cold head: a periodic elastic deformation ("breathing")
of the thin walled pulse- and regenerator-tubes, which leads to residual
vibrations and a periodic variation in temperature. Here we present
unique applications of double-staged 4 K PTC based cryostats. By
adapting the cooling power to the requirement of the experiment, the
intrinsic effects of the PTC are minimized. Further decoupling and
damping of the mechanical and thermal variations provide an excel-
lent environment even for cooling of sensitive devices.

[1] G. Thummes, C. Wang, C. Heiden, Cryogenics 38, 337 (1998)
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Low-Noise Pulse Tube Cryocooler near 5 K: devel-
opment of a system for operation of optical detec-
tors — eMarTHIAS VoRrHOLzZER2, BERND ScumipT'?, JENS

Farter!, Marc DieTrica?2, ANDRE ScHIRMEISEND2, and GUNTER

TrummEs!? — 1TransMIT-Center for Adaptive Cryotechnology and
Sensors, Giessen, Germany — 2Institute of Applied Physics, Justus-
Liebig-University, Giessen, Germany

Pulse tube cryocoolers (PTC) are, beside Gifford-McMahon and
Stirling-cryocoolers, an option for "dry" cooling down to liquid he-
lium temperatures. A unique feature of the PTC, the absence of a
moving displacer in the cold head, reduces the required maintenance
compared to other cryocoolers and allows a setup with low mechanical
vibrations. While plenty of development aims towards high cooling
powers, for many applications cooling powers below 100 mW near 4-5
K are already sufficient for operation.

In the framework of the BMBF joint project "SUSY" (SUpercon-
ducting optical sensors based on a compact cryogen-free SYstem plat-
form) we are developing a low-noise 2-stage 5 K PTC for cooling of
transition edge bolometers and single-photon detectors with an input
power of 1 kW or less. Reducing the vibrations is critical for those
sensors and can mainly be achieved by reducing the pressure oscilla-
tion and downsizing the cold head. With only 1 kW input power and a
considerable reduction in size the oscillatory displacement of the cold
head is significantly lowered compared to typical PTC.

Work supported by the German BMBF under grant no. 13N13444
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Current Sensing Noise Thermometer with Cross Correlated
Readout for Milli-Kelvin Temperatures — eFELIX MUCKE, AN-
DREAS REIFENBERGER, MARIUS HEMPEL, SEBASTIAN KEMPF, AN-
DREAS REISER, ANDREAS FLEISCHMANN, and CHRISTIAN ENnss —
Kirchhoff-Institut fiir Physik, INF 227, Universitiat Heidelberg, 69120
Heidelberg

Within our search for easy-to-use reliable thermometers for milli-
Kelvin and micro-Kelvin temperatures we recently developed a noise
thermometer, where the Johnson current noise of a massive cylinder of
high purity silver is monitored simultaniously by two current sensing
dc-SQUIDs. The Si-Chip carrying the two SQUIDS is glued directly
onto the noise source. Operating both SQUIDS in voltage biased mode
in 2-stage SQUID configurations allows to reduce the power dissipation
as well as the noise of the SQUIDS to a minimum. By computing the
cross-correlation of the two SQUID signals the noise contribution of
the read-out is suppressed to a level which is marginal even at micro-
Kelvin temperatures. We present the thermometer design and discuss
the results of experimental tests, where we compared the thermome-
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ter to a previously developed magnetic field fluctuation thermometer
in the temperature range from 2.5K down to 9mK. Statistical un-
certainties below 0.5 % are achieved within 10s of measurement time.
Within this uncertainty no self heating was observable at base tem-
perature. This agrees with expectations from the thermal model of
the thermometer, which suggests that self heating should be marginal
even at temperatures well below 1 mK.
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Experimental aspects of the specific heat of superconduc-
tors derived from topological insulators — eLIONEL ANDER-
SEN, OLIVER BRrREUNIG, THOMAS LoORENZ, and YoicHr ANpo — IL
Physikalisches Institut - Universitdt zu K6ln, Germany

The expectation for topological superconductors to have an uncon-
ventional pairing symmetry makes them promising hosts for Majo-
rana fermions. Recently the topological insulators BizSes (BS) and
(PbSe)s(Biz2Ses)s (PSBS) were reported to become superconducting
when intercalating them with copper [1,2]. Literature data of specific
heat on both, Cu;BS and Cu,PSBS, indicate an unusual temperature
dependence not described by standard BCS theory [2,3]. This makes
them promising candidates of topological superconductors but in order
to clarify these issues it is necessary to perform c, measurements below
250 mK using a 3He/4He dilution cryostat. Because cp of supercon-
ductors becomes very small far below 7. the addendum contribution of
the setup has to be minimized. This demand together with other com-
plications e.g. nuclear Schottky contributions to ¢, leads to a drastic
increase of the experimental effort. In this contribution experimental
aspects of ¢, measurements with respect to the topological supercon-
ductor materials will be discussed in detail.

(1] Y. S. Hor et al., PRL 104 057001 (2010)

[2] Y. Ando et al., PRB 90 220504 (2014)

[3] Y. Ando et al., PRL 106 127004 (2011)
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Low temperature measurements of thermal conductivity and
thermal diffusivity of thin metal films using the 3w method
— #SoFIA BLANTER!, SasMITa SricHANDAN!, DENIS KocHAN?, and
CHRISTOPH STRUNK! — lInstitut fiir experimentelle und angewandte
Physik, Universitdt Regensburg, Universitatstr. 31, 93053 Regensburg
— 2Universitit Regensburg, Institut I - Theoretische Physik, Univer-
sitatsstrafie 31, 93053 Regensburg

We present measurements of thermal conductivity and thermal dif-
fusivity for thin suspended membranes. The measurements are per-
formed on 500 nm thick SiN membranes using the 3w method [1]. We
pass an AC current at a frequency w through a metal transducer on
top of the membrane. This applied current generates an oscillating
heat flux through the membrane. This will create a modulation on top
of the measured voltage through the transducer, at a frequency of 3w.
By depositing thin metal films on the backside of the membranes,
we are able to obtain thermal properties for thin metal films once the
plain membrane is characterized. We derive a model from the two-
dimensional heat diffusion equation, which allows us to extract both
the thermal conductivity and thermal diffusivity of the sample.
[1] D. Cahill and R. Pohl, PRB 35, 4067 (1987).
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Design of a vector magnetometer for three dimensional
magnetization measurements — eMARKUs KLEINHANS, MARCO
HALDER, CHRISTOPHER DUVINAGE, and CHRISTIAN PFLEIDERER —
Physik-Department, Technische Universitaet Muenchen, 85748 Garch-
ing, Germany

In magnetically ordered systems, the fundamental order parameter is
the magnetization which is, in general, a three dimensional pseudovec-
tor. However, conventional magnetometers record the projection of
the moment along the applied magnetic field hence missing key infor-
mation of systems with complex magnetic anisotropies. We report the
design of a bespoke set of pickup coils for a vibrating sample magne-
tometer that allow simultaneous measurements of all three components
of the magnetization for temperatures down to 3K and in magnetic
fields up to 9T. We demonstrate the potential of this technique in a
study of selected anisotropic ferromagnets, namely Co, NdaFe14B, and
SmCos.



